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14. ABSTRACT 

Background: Metastasis is a multi-step process wherein tumor cells detach from the primary mass, migrate through barrier matrices, 

gain access to conduits to disseminate, and subsequently survive and proliferate in an ectopic site. During the initial invasion stage, 

prostate carcinoma cells undergo epithelial–mesenchymal-like transition with gain of autocrine signaling and loss of E-cadherin, 

hallmarks that appear to enable invasion and dissemination. However, we have recently reported that some metastases express E-

cadherin in bone or liver metastasis. These finding indicate that phenotypic plasticity occurs late in prostate cancer within the metastatic 

microenvironment.  To determine the molecular signing mechanism responsible for this occurance, we have focused on  Kaiso, a 

transcriptional repressor, is expressed in the cytoplasmic and nuclear compartments of cells.  The objective of this award is to 

determine the influence of tumor microenvironment and the signaling mechanism through which tumor plasticity is accomplished.   

Methods:   HS-27a bone marrow stromal cells were cocultured with  ARCaP prostate cancer cells for various time intervals in 2D or 

3D culture situations.   Growth and clonogenic  survival was determined by the ability of prostate cells to form colonies or proliferation 

in the presence or absence of 4 Gy radiation treatment or inhibiting antibodies.  The surviving fraction of colonies was calculated as a 

ratio of the number of colonies formed, divided by the total number of cells plated, times the plating efficiency [(# of colonies formed 

÷ total # cells plated) x plating efficiency].   

Additionally,  Kaiso expression was determined in patients tumors utilizing immunohistochemistry. Kaiso expression and localization 

was determined utilizing qRT-PCR, immunoblotting, and immunofluorescence in prostate cancer cell lines.  Functional analysis of 

Kaiso in shKaiso-DU-145 and PC-3 cells was determined by wound healing assay, and matrigel invasion assay.  sh-Kaiso PC-3 cells, 

were subsequently analyzed for EMT markers expression by qRT-PCR, immunoblotting in the presence and absence of demethylation 

agent.   Additionally direct binding of Kaiso to E-cadherin promoter was  determined by Chromatin Immunoprecipitation assay.  

Results: HS-27a human bone stromal cells, in 2D or 3D coultures, induced cellular plasticity in human prostate cancer EMT model 

ARCaPE and ARCaPM cells. Cocultured ARCaPE and ARCaPM cells developed increased survival and growth advantage, with ARCaPE 

exhibiting the most significant increases in presence of bone or prostate stroma. Prostate or bone stroma induced significant resistance 

to radiation treatment in ARCaPE cells compared to ARCaPM cells.  

In separate, but linked set of experiments we further demonstrated enrichment of nuclear Kaiso expression was observed in primary and 

metastatic prostate tumors compared to normal prostate epithelium. Nuclear expression significantly correlates with clinicopathological 

features.   EGF stimulation increases Kaiso expression, and causes a shift of Kaiso to the nucleus. sh-Kaiso abrogation in DU-145 and 

PC-3 cells blocks basal and EGF-induced cell migration and invasion, effects that are associated with re-establishment of cell-cell 

contacts and enhanced expression of the tumor suppressor, E-cadherin and a reversal of EMT.  Lastly, Kaiso directly binds to 

methylated sequences with the E-cadherin promoter.  

Conclusion:  Our data demonstrate that the E-cadherin expressing cells have a growth and survival advantage over non-E-cadherin 

expressing cells within the tumor microenvironment.  Furthermore, this is possibly due to growth factor regulation of  a newly identified  

oncogene, Kaiso, in prostate cancer.  .  
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INTRODUCTION  

The DoD funded Prostate Cancer New Investigator Award‟ (PC073977) entitled “The role of Tumor 

Microenvironment on Prostate Cancer Progression. We are pleased to report all aims are completed.  

As the aims are interrelated and interdependent, we have highlighted the accomplishments 

successively within the context of the entire text.  

 
 
Overarching aims are to  “Determine role of Tumor microenvironment on Prostate 

Progression”  The work below represents work completed during Year 1 and 2 of the award.  

(Final Publications included in Appendix)To complete this aim we first determined the effect of tumor-

stromal interactions on epithelial vs mesenchymal prostate cancer cell line ARCaP. The ARCaP model has 

been described to closely mimic the patho-physiology of advanced clinical human prostate cancer bone 

metastasis [10].  The ARCaPE cells were derived from single-cell dilutions of the ARCaP cells. These cells 

exhibit a cuboidal-shaped epithelial morphology with high expression of epithelial markers, such as cytokeratin 

18 and E-cadherin. The lineage-derived ARCaPM cells have a spindle-shaped mesenchymal morphology and 

phenotype. ARCaPM cells have decreased expression of E-cadherin and cytokeratins 18 and 19, but increased 

expression of N-cadherin and vimentin. These cells have decreased cell adhesion and increased metastatic 

propensity to bone and adrenal glands [11]. The morphologic and phenotypic changes observed in the ARCaPM 

cells closely resemble that of cells undergoing EMT.   



  

Previously, we have demonstrated a Mesenchymal to Epithelial reverse Transition (MErT) of 

metastatic prostate cancer cell lines within an experimental co-culture model and confirmed in patients with 

liver metastasis [12, 13].  Our findings have recently been confirmed in prostate cancer bone metastasis where 

E-cadherin and ß-catenin where robustly expressed in late stage carcinomas [14].   Therefore we sought to 

identify the significance of the bone microenvironment within the experimental ARCaP model.  To assess 

cellular plasticity of the ARCaP EMT model, we coultured ARCaP cells with HS-27a cells in 3D RWV (rotary 

wall vessel) system for 3 days.  ARCaPE cells formed larger prostate organoids than ARCaPM cells, (data not 

shown).  Upon immunohistochemical examination of organoids, we observed both ARCaPE and ARCaPM 

express E-cadherin and lack N-cadherin expression (Figure 1A).  To further examine the influence of tumor-

Figure 1. 3D co-culture of ARCaPE or ARCaPM with HS-27a cells show E-cadherin expression. (A) 

1x 10
7 

ARCaPE or ARCaPM were co-cultured with HS-27a cells in RWV for 3 days. 

Immunohistochemistry of organoids were stained with anti-E-cadherin or N-cadherin antibody. (B) 

2D Cocultures of HS-27a were preformed utilizing a total of 50,000cm
2
/ HS-27a fibroblasts, after 

which 20,000 cm
2
 ARCaPE or ARCaPM were seeded on top of the fibroblast monolayer. The co-

cultures were maintained in serum-free medium for 4 days.  Immunocytochemistry of co-cultures 

over a 4 day period was performed utilizing anti-E-cadherin and N-cadherin antibodies.  Shown are 

representative images of at least three experiments 
 Figure 1. 3D co-culture of ARCaPE or ARCaPM with HS-27a cells show E-cadherin expression. (A) 
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representative images of at least three experiments 

  

 



  

stroma interactions over a multi-day period we utilized a similar 2D co-cultures method. Utilizing 

immunoctyochemical analysis, we observed a lack E-cadherin and robust N-cadherin staining after 1 day in 

both ARCAPE and ARCaPM  cocultures. However by day 4, both ARCaPE and ARCaPM cells formed tumor 

nest that express E-cadherin and lack N-cadherin staining (Figure 1B).   It is worthy to note that ARCaPM tumor 

nest appeared to develop at much smaller extent, compared to ARCaPE cocultures. 

   Since ARCaPE cells formed larger tumor nest and spheroids when co-cultured with HS-27a cells 

compared to ARCaPM cells, we sought to further assess if HS-27a cells preferentially stimulated the growth of 

ARCaPE cells versus ARCaPM cells.  Utilizing GFP transfected HS-27a bone marrow stromal cells and RFP 

transfected ARCaPE or ARCaPM cells (Figure 2A), we examined the proliferative ability of ARCaP cells in 

homotypic and coculture conditions. Growth of RFP transfected ARCaPE and ARCaPM cells, respectively, was 

quantified by relative fluorescent unites (RFU) of transfected cell lines over a 6-day period in homotypic 

cultures and coculture conditions (Figure 2A).   As previously reported, homotypic cultured ARCaPM shows 

significant growth compared to ARCaPE homotypic cultures, however cocultures reversed this trend with 

ARCaPE cells demonstrating the most significant growth (Figure 2B). We also confirmed these findings in 

ARCaPE cells in coculture using clongenic assay. Although ARCaPM cells have a higher plating efficiency than 

ARCaPE cells, ARCaPE cells exhibited an 8-fold increase in their ability to form colonies after coculture 

compared to 1.35 fold increase of cocultured ARCaPM cells (Figure 2C). Phase-contrast microscopy of colonies 

after co-culture show that ARCaPM colonies appear loosely adherent, while ARCaPE cells are compact and 

interact physically with few of the bone stromal fibroblast (Figure 2D).  Taken together, these results 

demonstrate that ARCaPM cells re-express E-cadherin when grown with bone stromal cells for longer periods. 

Additionally, ARCaPE  cells which have high levels of E-cadherin gain enhanced growth and self-renewal 

ability when cocultured with bone stromal cells. 



  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. ARCaPE cells show a growth and colony forming capacity advantage in presence of HS-27a cells.  (A) 

ARCaPM cells were cocultured in the presence of GFP-HS-27a cells over a 6-day period. Growth of RFP.  

ARCaPE or ARCaPM human prostate cancer cells was assessed by  RFU (relative fluorescent units)  in the 

presence  cocultures over a 6-day period. Results are means ± SE  of three independent experiments. *P , 0.05 

(students t-test) compared to cell number at day 1 ±SEM (B) Clongenic colony forming capacity of ARCaPE  and 

ARCaPM prostate cancer cell after coculture ±SEM. ARCaPM data was normalized to ARCaPM control, and 

ARCaPE data was normalized to ARCaPE control. (C) ARCaPE or ARCaPM cells were cocultured with HS-27a 

cells.  Shown are phase contrast images of colonies formed in the clongenic assay. 

 

 



  

Stromal Cells Influence Radiation Treatment in Prostate Cancer cells 

Mesenchymal cancer cells have been thought to be more tumorigenic, aggressive and resistant to treatments 

when compared to epithelial cancer cells [15].  A similar trend was observed in both ARCaPE and ARCaPM 

cells after (4 Gy) irradiation treatment. ARCaPM homotypic cancer cells are more resistant to radiation 

treatment compared to ARCaPE homotypic cancer cells (Figure 3A).  However, ARCaPM co-cultures did not 

affect the radiation sensitivity of ARCaPM cancer cells.  The highly sensitive ARCaPE cells exhibit a significant 

increased resistance to radiation therapy, up to 3 fold, as result of their interaction with bone stromal cells 

Figure 3.  Cocultured ARCaPE cells gain cell colony forming capacity and radiation resistance 

when grown with bone and prostrate stromal cells. (A) ARCaPE  or ARCaPM  co-cultured cells 

were irradiated 24 hrs after coculture with  HS-27a cells and cancer cell colony forming capacity 

was assayed using clongenic assay. Results are means ± SE of three independent experiments. 

ARCaPM experimental data normalized to ARCaPM control and ARCaPE experimental data 

normalized to ARCaPM control (B). ARCaPE  cocultured with prostate fibroblasts Pt-C (Cancer 

associated fibroblast) or Pt-N (Normal fibroblast) were irradiated and compared to non-irradiated 

co-cultures. Cell colony forming capacity was assayed by clongenic assay. Data normalized to 

ARCaPE control levels. (C) ARCaPM  cocultured with  Pt-C or Pt-N were irradiated and compared 

to non-irradiated co-cultures. Cell colony forming capacity was assayed by clongenic assay. Data 

normalized to ARCaPM control levels 



  

(Figure 3A, p<0.01).   To further assess the role of the prostate stroma on tumor-interactions influencing 

ARCaP cellular behavior, we co-cultured paired prostate fibroblast cells isolated either from normal (Pt-N) or 

cancer associated regions (Pt-C) [16].  Again, ARCaPE cells co-cultured with (Pt-N) or (Pt-C) exhibited a 7-

fold and 8-fold increase in colony formation, respectively (Figure 3B, p<0.01).  We also saw a similar trend in 

a growth analysis assay (data not shown).   However when measuring clongenic ability after radiation 

treatment, ARCaPE cells co-cultured with either Pt-N or Pt-C had increased radiation resistance, with a 2-fold 

difference observed between homotypic cultured cells.  Although a significant increase in clongenic formation 

was observed in Pt-C versus Pt-N cocultures (p<0.05), this did not significantly effect of the radiation 

sensitivity of ARCaPM cells (Figures 3C). Taken together, both bone and prostate stroma have an inductive 

effect on ARCaPE cancer cells and mediate radiation resistance (up to 2-3 fold) in epithelial cancer phenotype, 

but not in ARCaPM  mesenchymal cancer cells. 

Blocking Adhesive contact effects Radiation Sensitivity of Co-cultured ARCaP cells  

 

The importance of cell adhesion (i.e. cell-cell and cell-ECM adhesion) on the survival of disseminated cancer 

cells has been well documented as a requirement for colonization and survival within the metastatic 

microenvironment [17-19].  Therefore we utilized a well known E-cadherin blocking antibody (SHEP8-7) and 

a pan-integrin antibody (CNT095) that targets human alpha-v-integrin, and also was shown to block prostate 

tumor growth within bone [20].  Since ARCaPE cells express high levels of the epithelial marker E-cadherin, 

Figure 4 Effect of Anti-E-cadherin antibody on tumor-stroma interactions. A. ARCaPM and ARCaPE, 

cells were pre-treated with Anti-E-cadherin antibody (SHEP8-7), cocultured with HS-27a stromal cells 

for 24 h and radiated with 4 Gy. Cell colony forming capacity was assayed using clongenic assay. 

ARCaPM data normalized to ARCaPM control levels, and ARCaPE data normalized to ARCaPE  control 

levels. 

 



  

and ARCaPM cells can be microenvironmentally induced to express E-cadherin, we tested whether either of 

these blocking antibodies would affect the colony forming ability of either ARCaPE and ARCaPM bone stroma 

cocultured cells.  Pretreatment with E-cadherin antibody did not affect the colony forming capacity of either 

ARCaPE or ARCaPM homotypic cultured cells, however significantly reduced the ability of ARCaPM (p<0.001)  

and ARCaPE (p<0.01) coultured cells to form colonies (Figure 4). Additionally, E-cadherin blocking antibody 

pretreatments further increased sensitivity to radiation treatment of ARCaPM cells in homotypic and co-cultured 

conditions, similarly (p<.0.01).  E-cadherin blocking antibody pretreated ARCaPE cells showed the most 

significant increased sensitivity to radiation treatment in homotypic compared cocultured conditions (p<0.001), 

however a significant reduction in colony formation, to a lesser extent, was observed in ARCaPE cocultured 

cells (Figure 4, p<0.01).  Therefore, targeting E-cadherin limited both epithelial and mesenchymal cells ability 

to form colonies after coculture with bone stromal cells. 

To determine the influence of intergin alpha v cell adhesion with bone microenvironment, we 

performed similar clongenic formation assay.  Pretreatment with CNT095 antibody significantly decreased the 

clongenic ability of both ARCaPM and ARCaPE cells in homotyic cultures (Figure 5, p< 0.001).  Additionally, 

CNT095 significantly decreased bone stroma induced radiation resistance in cancer cells in both ARCaPM  

(p<0.001) and ARCaPE  (p<0.001) cancer cells, with the most significant reduction in  cocultured conditions 

(p<0.001) (Figure 5). Taken together, these results suggest that bone stroma induced radiation resistance is 

mediated through both E-cadherin and integrin alpha v beta signaling  in epithelial and mesenchymal cells.  

Figure 5 Effect of Anti-alpha v integrin (CNT095) on tumor-stroma interactions. ARCaPM and ARCaPE, cells 

were pre-treated with CNT095 antibody were cocultured with HS-27a stromal cells for 24 h and radiated with 

4 Gy. Cell colony forming capacity was assayed using clongenic assay. ARCaPM data normalized to ARCaPM 

control levels, and ARCaPE data normalized to ARCaPE  control levels. 

 



  

Fig 6 – Abnormal nuclear expression of Kaiso in Prostate Cancer Specimens. Representative 

data from imunohistochemical studies of 172 PCa specimens are shown. A, Kaiso levels in a 

normal, healthy, prostate, with low staining seen in glandular epithelia. B, Kaiso expression in 

normal epithelia from adjacent PCa tumors, shows discernible cytoplasmic staining in 

epithelia, and nuclear positivity in the basal cells. C, Kaiso expression in Benign Prostatic 

Hyperplasia (BPH) show cytoplasmic with low nuclear positivity. D, Kaiso expression in low 

Grade 1 tumors exhibited a general up-regulation of Kaiso expression with cytoplasmic and 

nuclear positivity. E-F, High Grade 4 and lymph node metastasis exhibited uniform intense 

nuclear expression of Kaiso. All images were taken at a 400X magnification. 

Thus, E-cadherin and integrin alpha v beta appear to present novel targets for metastatic and radiation resistant 

cells.  

 

Aims 2 and 3    Kaiso Expression in Relationship to E-cadherin expression. Completed during years 2 and 

3 of the Award   (Final Publication included in Appendix) 

 

Kaiso expression and subcellular localization.  

 To evaluate the expression and localization of Kaiso during prostate cancer progression, 

immunohistochemistry was used to evaluate samples from 172 patients, consisting of normal tissue (9 

patients), benign prostatic hyperplasia (14 patients), adjacent normal tissue (17 patients), primary tumors (142 

patients), and metastases (6 patients). There was low expression of the Kaiso protein in luminal cells of non-

cancerous samples (Fig 6, panel A); expression was predominantly in the membrane or cytoplasm (Fig 6, 

panels B and C). There was, however, nuclear expression of Kaiso in the basal cells of adjacent normal tissue 

(panel B).  

 

 

 



  

Fig 7 – Quantitative Analysis of Nuclear Kaiso in Prostate Tumor Progression. A, nuclear 

expression of Kaiso was analyzed and presented in box plot. Nuclear Kaiso levels increase 

monotonically from normal, BPH, adjacent normal, primary tumor, and metastasis, with all 

four p-values less than 0.05. (Normal and BPH is p=0.016; BPH and adjacent normal is 

p=0.01; adjacent normal and malignant is less than p<0.0001; malignant and metastasis 

p<0.0001). B, Points represent nuclear Kaiso staining intensity of individual African-

American and Caucasian patients of similar age (67-80) and grade 3; bars represent the 

median value for the sample set. (p< .0001). C, Cytoplasmic Kaiso expression and D, Nuclear 

Kaiso expression in paired (surrounding non-tumor) normal and primary tumor tissues from 

n=13 prostate cancer patients. 

In contrast to previous reports, Kaiso expression was observed within the nucleus, with weak to moderate 

expression in tumors with low Gleason scores (panel D), and strong, intense expression in tumors with high 

Gleason scores and in metastases (panels E and F). Nuclear expression of Kaiso was found to significantly 

correlate with tumor grade ≥ 2 (p <0.001) and Gleason score >7 (p <0.001) (Table 1). Cytoplasmic expression 



  

was observed in tumors samples, however correlations with clinicalpathological features were not found to be 

significant. Increased nuclear expression occurred in a stage-specific manner, with the largest differential 

expression between metastatic tumors and normal samples, however difference between primary tumors and 

normal samples were significant as well. (Fig 7A). Further characterization of nuclear Kaiso expression in high 

grade of similar age African-Americans (n=22) and Caucasian (n=18) primary tumors, show that African-

American patients express higher mean values of Kaiso (p <0.0001): independent of grade and age (Fig 7B). 

Further Kaiso nuclear expression significantly correlated with race (p=.0032) (Table  2).  

 To determine if there is a shift in Kaiso localization in prostate tumors, matched normal and tumor 

samples were evaluated (n=13). Cytoplasmic expression was significantly decreased in paired primary tumors 

compared to normal samples (p<0.0001) (Fig 7C); however there were significant increases in nuclear 

expression within the same patients (p<0.0001) (Fig 7D). This analysis supports the idea that there is a 

progressive enhancement of abnormal Kaiso expression during prostate cancer progression and that the extent 

of abnormal expression correlates with progression. 

 



  

 

Expression and Subcellular Localization of Kaiso in Prostate Cancer Cell Lines  



  

Figure 8. Endogenous Kaiso Expression and Localization in Prostate cancer  

progression model.  (A) qRT-PCR analysis were used to compare the mRNA level of 

Kaiso in DU-145, DU-145 WT (EGFR overexpressing), and PC-3  cells. HRPT1 was used 

as loading control.   (B) Immunofluorescence was utilzed to determine Kaiso localization 

in DU-145, DU-145 WT, and PC-3 cells. Anti-Kaiso 6F8 was utilized as primary antibody. 

Anti-Mouse HRP Anti-Mouse Alexa 488 was utilized as secondary antibody (Green).  

Dapi was utilzed as nuclear counter stain (Blue). (C) whole cell lysate and  cytosolic and 

nuclear fractions were isolated by sequential extraction. As a loading control for the 

nuclear extracts, TFIID was used, and B-action used as a loading control for the whole-

cell  lysates and cytosolic fraction. 

 

 Since there have been no reports of Kaiso expression in prostate cancer cell lines, its expression and 

localization were evaluated in LnCaP, DU-145 and PC-3 cells, and in a DU-145 subline (DU-145WT) that was 

genetically engineered to over-express EGFR. DU-145 WT cells escape EGFR down-regulation and 

demonstrate enhanced invasiveness in vitro 12 and in vivo 13. qRT-PCR show that Kaiso levels were elevated at 

the mRNA in DU-145 WT and PC-3 cells compared to LnCaP and DU-145 cells (Supplemental Fig 8A). 

Confocal images show that Kaiso is located in both the cytoplasmic and nuclear compartments in all cell lines., 

However, the more aggressive DU-145WT and PC-3 cells showed increased presence of nuclear expression 

compared to LnCaP and DU-145 cells (Fig 8B), which was verified after quantification of fluorescent intensity 

in each compartment (Fig 8C). The influence of EGFR expression on Kaiso localization was further 



  

demonstrated by the fact that subcellular fractions of DU-145 WT cells show elevated nuclear expression, while 

DU-145 cells exhibit low amounts of nuclear levels, which correlated with the confocal images (Supplemental 

Figure 8B). Thus, it appears that the subcellular localization of Kaiso is associated with EGFR expression.  

 

Activation of EGFR signaling results in increased Kaiso expression and nuclear localization.  

 Various lines of evidence suggest the involvement of EGFR signaling in prostate cancer 14, 15. To 

identify EGFR as an upstream regulator of Kaiso, 10 ng/ml EGF, a concentration showing most significant fold 

increase (data not shown), was utilized in a time-dependent assay over 24 hours. DU-145, DU-145 WT, and 

PC-3 lines showed incremental increases in Kaiso expression at the RNA level; DU145WT cells show the 

greatest increase (4-fold) as early as 1 hour after EGF stimulation (Fig 9A). Increases in Kaiso expression were 

also observed at the protein level, as determined by immunoblots, with significant increases observed as early 

as 6 hours and sustained over 24 hours of exposure to EGF (Fig 9C).  



  

Fig 9 EGF induces Kaiso expression and cytoplasmic to nuclear localization in Prostate Cancer Cell 

lines. DU-145, DU-145 WT, and PC-3 prostate cancer cell lines were treated with 10ng/mL of EGF for 

0, 1, 6, 24 hours and assayed for A, mRNA Kaiso levels by qRT-PCR with Kaiso-specific TaqMan 

primers and HPRT1 as the loading control . Data is normalized to control; n = 4 ± s.e. B, Kaiso protein 

levels in whole cell lysates by immunoblot utilizing, anti-Kaiso antibody and anti-β-actin antibody as 

loading control. Images shown are representative of three individual experiments. Densitometry was 

performed on individual time intervals and compared to control. C, Kaiso subcellular localization 

(Green) was determined by immunofluorescence. Note the colocalization of Kaiso in nucleus (Green) 

with nuclear stain Dapi (Blue) after EGF treatment in DU-145 cell. Images shown are representative of 

three individual experiments (Bar, 25 μM). D. Bar-graph quantification of Kaiso intensity in the 

individual cytoplasmic and nuclear compartments of DU-145 cells treated with 10ng/ml of EGFR 

compared to untreated control. Data is normalized to control; n =3 ± s.e *p<0.05. Kaiso mRNA levels, 

was determine by qRT-PCR, in the presence or absence of 10ng/ml EGF or EGFR specific kinase 

inhibitor, PD153035, in DU-145 WT and PC-3 cells utilizias the loading control. Data was normalized to 

control. F, Kaiso protein levels were determine by immunoblot in the cytoplasm and the nucleus in the 

presence or absence of 10ng/ml EGF or EGFR specific kinase inhibitor, PD153035, in DU-145 WT and 

PC-3 cells. β-actin served as loading control. Images shown are representative of three individual 

experiments. ng Kaiso specific TaqMan primers and HPRT1 

 Since we observed that increases in Kaiso expression are associated with a subcellular localization 

pattern in our patient cohort, we further determined if EGFR induced increases in Kaiso expression, coincided 



  

with a subcellular localization in our cell culture model. After only 0.5 hours, EGF caused perinuclear 

accumulation of previously dispersed Kaiso in DU-145 cells, with visible nuclear accumulation at 1 hour. After 

24 hours significant increases in both cytoplasmic and nuclear expression was observed, although nuclear 

expression was the most significant (Fig 9B). DU-145WT and PC-3 cells, which endogenously express high 

levels of nuclear Kaiso, demonstrated similar trends as DU-145 cells. Both cytoplasmic and nuclear Kaiso 

expression increased upon exposure to EGF, however nuclear expression remained significantly higher 

throughout the exposure times periods. To more clearly define the role of EGFR activation on increases in 

Kaiso expression and localization, we utilized an EGFR-specific kinase inhibitor, PD153035 (500 nM), in the 

presence or absence of EGF. PD153035 significantly reduced mRNA Kaiso expression levels even after EGF 

pretreatment (Fig 9 D). After subcellular fractionation and subsequent immunoblot of both DU-145 WT and 

PC-3 cells, we also observed that PD153035 significantly reduced expression of Kaiso in the cytoplasmic and 

nuclear compartments (Fig 9 E,F), which is a reversal of the expression pattern observed in endogenously 

expressing and EGF treated DU-145 WT and PC-3 cells. Thus, EGFR signaling positively affects Kaiso 

expression and subcellular localization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Fig 10. p120ctn is required for EGF induced nuclear localization of Kaiso.  A, Activation of EGFR 

p120ctn tyrosine resides, Y228 and Y96 (Green) was determined by immunofluorescence utilizing 

specific antibodies to p120ctn tyrosine(s) Y228, and Y96.  Images shown are representative of three 

individual experiments.  B,  DU-145 and DU-145 WT cells were treated with 10ng/ml for indicated 

time points and whole-cell lysates were immunoblotted for total p120ctn with β-actin served as 

loading control.  Ci, p120ctn siRNA were exposed to DU-145 cells for 24 h and compared to the 

scrambled (si-Scr) control siRNA Cii,  si-p120ctn pretreated cells were subsequently treated with 

10ng/ml of EGF treatment for 24hrs and analyzed for Kaiso subcellular localization after 24hr by 

immunofluorescence utilizing anti-Kaiso antibody, Bar, 25 µM.  D, relative intensity of fluorescence 

of the entire cell was measured in the cytoplasmic and nuclear subcellular compartments and 

quantified utilizing Metamorph imaging software.  

 

Mediation by p120ctn of EGFR Induced Cytoplasmic-to-Nuclear Localization of Kaiso   

 

p120
ctn 

  has been demonstrated to specifically interact with Kaiso [4, 5, 25],  however this has 

primarily been observed in the nucleus, where p120ctn inhibits Kaiso DNA binding [4, 26].  p120ctn 

contains  multiple tyrosine residues located within its regulatory domain.  Of these EGFR has been 

demonstrated to have specific phosphorylation of tyrosine Y228 [27], however a direct link between 

EGFR activation of p120ctn and Kaiso localization has not been demonstrated. Therefore, we sought to 

determine if cytoplasmic p120ctn mediates Kaiso nuclear localization. As determined by 

immunofluorescence, EGF induced the activation of full-length p120ctn as well as expression of 



  

phosphorylated Y228 and Y96 (Fig 10A), which was maintained in the cytoplasm after 24 hours.We did 

not detect any levels of  Y291 before or after  EGF treatment (data not shown).  In both DU-145 and DU-

145WT cells, EGF stimulation also resulted in time-dependent decreases in total p120ctn expression 

(Figure 10B), which correlates with decreased p120ctn observed in prostate tumors [28]. 

To determine if p120ctn is required for EGFR-induced Kasio nuclear shuttling, siRNA-p120ctn 

transfection was used to reduce p120ctn expression (Fig 10Ci). Subsequently, siRNA p120ctn transfected 

DU-145 or scramble-transfected cells were treated with EGF for 24 hours. siRNA p120ctn transfected 

DU-145 cells failed to exhibit nuclear Kaiso expression over a 24-hour period of EGF stimulation 

compared to scramble-transfected cells, which showed nuclear Kaiso (Fig 10Cii). Further, quantification 

of fluorescent intensity of Kaiso expression revealed that Kaiso localization remained cytoplasmic in si-

p120 treated cells, compared to predominantly nuclear expression in scramble-treated cells, after exposure 

to EGF (Fig 10D). These findings suggest the important role for p120
ctn

 in Kaiso nuclear localization, and 

highlight a novel signaling cascade that regulates Kaiso subcellular localization in prostate cancer cell 

lines.  

 

 



  

Fig 11. Kaiso is required for EGF induced cell migration and invasion. A, shRNA 

Kaiso downregulated Kaiso levels at mRNA as determined by qRT-PCR with Kaiso 

specific TaqMan primers and HPRT1 as the loading control or protein levels by 

immunoblot. β-actin served as loading control B, shRNA DU-145 or PC-3 cells 

were wounded and treated with EGF for 24 hours. Blue vertical bars indicate the 

starting area migration on Day 0. Photos were taken at 100X magnification and DU-

145 images serve as representative images of both DU-145 and PC-3 cell lines. C, 

Quantification of area migrated in presence or absence of EGF stimulation in 

shRNA DU-145 or PC-3 cells compared to scrambled control si-Scr show that 

Kaiso depletion significantly decreased cell migration. Data was normalized to 

control (red bar). C, shRNA DU-145 and PC-3 cells were plated on Matrigel-coated 

filters and the invasive cells were fixed, stained with crystal violet, and counted. 

shRNA Kaiso cells show decreased invasiveness compared to sh-Scr and controls. 

All data presented are the mean of three independent experiments ±s.e.*P<0.05. 

Promotion by Kaiso of EGFR-Induced Prostate Cancer Cell Migration and Invasion  To further define the 

function of Kaiso in prostate cancer cells, DU-145 and PC-3 cells were stably transduced with a plasmid vector 

containing the sh-Kaiso silencing sequence (Fig 11A). Both sh-Kaiso DU-145 and sh-Kaiso PC-3 clones 

exhibited delayed migration, even in the presence of EGF stimulation, as measured by wound-healing assays 

(Fig 11 B,C). These results show that Kaiso is a mediator of EGFR-induced migration of prostate cancer cells. 

For cancer cells to invade surrounding tissue, the cells must degrade the underlying basement membrane. To 

determine the function of Kaiso in invasion by prostate cancer cells, sh-Kaiso PC-3 and sh-DU-145 were 



  

Fig 12. Kaiso regulates E-cadherin expression. A, E-cadherin mRNA levels was 

determined by qRT-PCR in sh-Kaiso PC-3 cells, sh-Scr (vector only) and control 

cell treated with demethylating agent, 5-aza-2'-deoxycytidine (5-aza) utilizing E-

cadherin TaqMan specific primer with HPRT1 as the loading control. Data was 

normalized to control (n=4) ± s.e. B, sh-Kaiso PC-3 cells, sh-Scr (vector only) and 

control lysates were immunoblotted with an anti-E-cadherin, anti-N-cadherin 

antibody, anti-fibronectin antibody, and anti-p120ctn antibody. β-actin served as 

loading control. Shown is one of two representative blot series. C. Chromatin 

sample from PC-3 cells was subjected to ChIP by mouse IgG (lane 1) and specific 

antibodies against RNA pol II (lane 2) and Kaiso (6F/6F8, ChIP grade, Lane 3). 

Mouse IgG was used as a negative control. Lane 4 was no DNA negative control. 

ChIP products were analyzed by real-time PCR specific E-cadherin primer set (-

1290 to-1570) to amply methylated region. D, E-cadherin and p120ctn localization 

was determined by immunofluorescence in sh-Kaiso or sh-Scr PC-3 cells utilizing 

anti-E-cadherin (Red) and Dapi nuclear stain (Blue). Arrows indicate E-cadherin 

staining at cell-cell junctions. DIC images demonstrate an altered cellular 

morphology in sh-Kaiso PC-3 compared to sh-Scr PC-3 cells (Bar,25 μM). 

seeded onto a filter coated with Matrigel and compared to cells exposed to the vector only. Suppression of 

endogenous Kaiso expression resulted in inhibition of cell invasion, resulting in a reduction in the ability of the 

cells to invade through Matrigel (Fig 11 D).  

 



  

Repression of E-cadherin by Kaiso in prostate cancer cells  

 In various cancer types, increased cell migration and invasion has been attributed to growth factor 

induced loss of E-cadherin or to hypermethylation of the E-cadherin promoter [16, 17]. Since Kaiso has high 

affinity for methylated dinucleotide sequences and is regulated by EGFR, we next sought to determine if 

suppression of Kaiso restored E-cadherin expression in sh-Kaiso PC-3 cells. Control PC-3 cells and vector only 

cells show no E-cadherin expression, as previously reported [17]. sh-Kaiso PC-3 cells, however, show 8-fold 

increased expression of E-cadherin mRNA, as measured by qRT-PCR. Furthermore, the level of re-expression 

was comparable to that of PC-3 cells exposed to the demethylating agent, 5-aza-2'-deoxycytidine (5-aza) (Fig 

12A). There was also an increase in epithelial markers E-cadherin and p120ctn expression, and a decrease in 

mesenchymal markers N-cadherin and fibronectin expression at the protein level, as determined by 

immunoblots (Fig 12B). To determine whether Kaiso directly binds to E-cadherin we performed ChIP assay. 

Immunoprecipitated DNA was incubated with anti-Kaiso antibody, anti-RNA pol II (positive control) or IgG 

antibody (negative control). and subjected to PCR with specific primers designed to amplify the Kaiso 

(mCGmCG) binding sites in the E-cadherin promoter region. Our results show that the Kaiso antibody (not 

negative control IgG antibody) enriched a mCGmCG fragment within the E-cadherin promoter (Fig 12C). 

These results demonstrate that Kaiso can bind to directly to methylated regions in the E-cadherin promoter in 

PC-3 cells. It is well recognized that membrane expression of E-cadherin regulates cell polarity and increases 

cell-cell cohesiveness limiting the migratory ability of tumor cells [10, 19]. Therefore we performed 

immunofluorescence for E-cadherin and p120ctn in sh-Kaiso PC-3 cells, compared to vector only sh-Scr PC-3 

cells. sh-Kaiso cells exhibited E-cadherin at cell-cell contacts as well as increased p120ctn, which is rate 

limiting for E-cadherin stability [20, 21], at the cellular membrane (Fig 12D). Furthermore, sh-Kaiso PC-3 cells 

also exhibited more of an epithelial morphology compared to the mesenchymal morphology exhibited by sh-

Scr PC-3 cells (Fig 12C). Collectively, these results suggest that EGFR-regulated expression and subcellular 

re-localization of Kaiso promotes methylation-related gene silencing of E-cadherin. 

 

CONCLUSION  

Collectively, these studies in highlight the influence of the  tumor microenvironment on prostate cancer 

progression and suggest that tumor cell plasticity is necessary to successfully complete the step of metastasis.   

Furthermore these studies highlight  Kaiso cytoplasmic-to-nuclear localization, which correlates with many 

clinicopathological features of aggressive prostate cancer progression, is responsible for hypermethylation 

induced epithelial-to-mesenchymal transition associated plasticity.    The fact that we found that Kaiso is 

regulated through EGFR activity provides additional mechanistic insight into the underlining signaling 

pathway that apparently mediates this process. Because a large number of tumor/metastasis suppressor genes 

are silenced as a result of methylation, Kaiso could be a central regulator of many key events that contribute to 

tumorigenesis and aggressiveness. Targeting of growth factor receptors has shown minimal therapeutic effects 



  

for prostate cancers, however  targeting of downstream mediators, such as Kaiso, could be a rational approach 

for developing a new target for directed therapies.   

 

 

 

MATERIALS AND METHODS 

 

Cell culture, antibodies and reagents.  

Human prostate cancer cell lines DU-145 and PC-3 were obtained from the ATCC and were routinely cultured 

in DMEM medium supplemented with 10% FBS (Gibco, Paisley, Scotland), and antibiotics  in a humidified 

atmosphere of 5% C02 in air. In these conditions the duplication period of the cells is 36 h.  

DU-145 EGFR overexpressing cells (DU-145 WT) were generated by transfecting DU-145 cells with 

retroviral-containing EGFR constructs [44]. Primary antibodies were obtained as follows: Kaiso 6F clone 

(Abcam, Boston, Massachusetts); p120ctn, E-cadherin, N-cadherin and those for tyrosine residues Y228, Y96, 

Y290 of p120ctn (BD Biosciences , Oregon). Mouse secondary antibodies, Alexa 488, 594, and 625, were 

obtained from Invitrogen (Oregon). Human EGF was obtained from BD Biosciences (Kentucky). The EGFR-

specific tyrosine kinase inhibitor, PD153035, was purchased from CalBiochem (California). Other reagents 

were obtained from Sigma (Missouri).  

 The human prostate cancer cell lines, ARCAPE, ARCaPM, and the HS-27a bone stromal cells were 

utilized in this study and purchased from ATCC (Manasss, VA).  Isolation and characterization of the human 

prostate cancer RFP-ARCaP cell lines has been reported [48].  Red Fluorescent Protein (RFP) transfected cells 

were maintained in G418 (350 mg/ml) prior to experimentation.  All cell lines were grown in a 5% CO2 

incubator at 37˚C in media consisting of T-medium (Invitrogen, Carlsbad, CA) supplemented with 5% (v/v) 

fetal bovine serum and 1% Penicillin–Streptomycin. 

 

Co-cultures  

Initial co-cultures performed as previously described [12, 39] with modifications. Co-cultures consisted of 50 

000 cells/cm
2 
of HS-27a bone marrow stromal cells and 2000 cells/cm

2
 prostate cancer cells. Co-cultures were 

maintained in serum-free T-media, and plated on tissue culture dishes.  

Clongenic Assay 

Cells were plated at low densities in six-well plates for 24 hr and then were irradiated with the appropriate 

radiation dose. Twenty-four hours later, the media were changed and cells were incubated until they formed 

colonies having at least 50 or more cells. Seventeen days later colonies were rinsed with PBS, stained with 

methanol/crystal violet dye, and counted. The colony formation ability was calculated as a ratio of the number 

of colonies formed, divided by the total number of cells plated, times the plating efficiency Ai. For experiments 

with cocultures, cells were initially incubated on a mat of stromal cells for 24 h and radiated, 4 h later 



  

clongenic assay was performed. For antibody based experiments using anti-E-Cadherin (15 µg/ml, DECMA or 

SHEP8-7, Sigma) and integrin alpha-v (20 µg/ml, CNT095) antibody, cancer cells were treated with respective 

antibodies for 24 h prior to plating them on a mat of stromal cells.  

 

Radiation  

External beam radiation was delivered on a 600 Varian linear accelerator (Varian Medical Systems, Inc.Palo 

Alto, CA) with a 6 MV photon beam. A 40 x 40 cm field size was utilized and Petri dishes were placed on 1.5 

cm of superflab bolus. Monitor units (MU) were calculated to deliver the dose to a depth of dmax at a dose rate 

of 600 MU/min. 

 

Immunohistochemistry  

The prostate cancer tissue microarrays were obtained from US Biomax (Maryland) or from the UAB 

Tissue Bank. The use of tissue was approved by the Institutional Review Board of both Tuskegee University 

and University of Alabama at Birmingham (UAB). Immunohistochemistry was performed using the anti-Kaiso 

clone 6F (Upstate Biotechnology, New York) as previously described. Duplicate microarrays were stained for 

evaluation by immunohistochemistry [45]. Briefly, cells were examined, by a pathologist , separately for 

membranous, cytoplasmic, and nuclear staining for Kaiso and classified with respect to the intensity of 

immunostaining, with the percent of cells determined at each staining intensity from 0 to +4 [46]. To permit 

numerical analysis the proportion of cells at each intensity can be multiplied by that intensity.  Statistical analyses 

were performed using Pearson's Chi-Square test to analyze the relationships between cytoplasmic and nuclear 

expression of Kaiso and clinicopathological factors.  

Immunoblotting  

 Cells were grown to 80% confluency in six-well plates. Lysates were prepared from cultured cells in a 

solution containing 50 mM Tris, pH 7.5; 120 mM NaCl; 0.5% Nonidet p-40; 40 M 

phenylmethylsulfonylfluoride (PMSF); 50 g/ml leupeptin; and 50 µg/ml aprotinin (all from Sigma, Missouri). 

Cells were allowed to lyse for 1 hour on ice. The lysed cells were centrifuged, and the resulting supernatants 

were extracted and quantitated by use of a Bradford assay. Lysates (30 µg of protein) were separated by 7.5% 

SDS PAGE, immunoblotted, and analyzed by chemiluminescence (Amersham Biosciences, New Jersey).  

 

 

Immunofluorescence microscopy 

Cells (3 x 10
5
) were grown for 2 days or to 80% confluency on glass coverslips. Cells were then fixed 

with Methanol alone or  4% paraformaldehyde, permeabilized with 100 mM Tris-HCl, pH 7.4; 150 mM NaCl; 

10 mM EGTA; 1% Triton X-100; 1 mM PMSF; and 50 µg/ml aprotinin (all from Sigma).  and subsequently 

blocked with 5% bovine serum albumin (BSA) for 1 hour at room temperature. Identical results were obtained 



  

with both methods.  Samples were incubated with indicated primary antibodies diluted in blocking buffer at 

4°C overnight. FITC-conjugated secondary antibody (BD Biosciences, California) was added. Cells were then 

treated with 4'-6-diamidino-2-phenylindole for nuclear staining and analyzed with a DSU confocal microscope 

(Olympus, New York). To determine the relative intensities, the total area of each image was measured as well 

as the threshold intensity for each channel utilizing Metamorph Imaging Software (Molecular Devices, Inc., 

California). Differences between the two intensities were then determined by Excel. Bar graphs represent n = 4 

images sectioned and individually analyzed for total area. All quantitative data were normalized to appropriate 

control images. 

 

Quantitative real-time PCR (qRT-PCR) 

RNA was extracted from prostate cancer cells using TRIzol (Invitrogen). cDNA was prepared using 

Superscript III First Strand cDNA Synthesis kits (Invitrogen) and detected by Kaiso-specific TaqMan. 

Hypoxanthine-guanine phosphoribosyltransferase (HRPT1) (Applied Biosystems, California) was used to 

normalize all RNA samples. RNA analyses were performed in triplicate, and fold change was calculated using 

the 2 -∆Ct value method.  
 

RNAi 

Transient transfection of p120ctn siRNA (Santa Cruz, CA) (100 nM or 150 nM) and stable transfection with a 

shRNA construct specific for human Kaiso (Origene Technologies, Rockville, Maryland) were performed. For 

siRNA p120ctn transfections 4  ml portion of Lipofectamine 2000 (Invitrogen, California, USA) was diluted in 

200 ml of Opti-MEM and incubated for 5 min at room temperature. The diluted siRNA and Lipofectamine 

2000 were mixed and incubated for 20 min at room temperature. Complexes were added to each well and 

incubated for 24 h. Media were changed and incubated for an additional 24 h. For siRNA p120 transfections, 

cells were lysed according to established protocols.   

To generate stable sh-RNA Kasio cells, the HuSH 29-mer for
 
Kaiso was provided in the pRFP-C-RS 

plasmid driven by the U6-RNA promoter.
 
Plasmid DNA pRFP-C-RS, containing puromycin resistant gene, 

expressing Kaiso-specific shRNA and scrambled shRNA were transfected into DU-145 or PC-3 cells using 

Lipofectamine 2000 (Invitrogen)... The medium was replaced by T-medium containing 2 µg/ml puromycin for 

selection of antibiotic-resistant colonies over a period of 3 weeks. The puromycin-resistant cells were further 

selected by use of red fluorescence protein (RFP) as a marker to enrich for cells expressing shRNA. shKaiso 

cells were plated at clonal densities,
 
and >20 clones were chosen to determine the degree of knockdown.

 
Clones 

with the lowest Kaiso levels were kept for further analysis. 

 

Cell migration  



  

Migration of cells was assessed by their capacity to move into an acellular area; this was accomplished 

with a two-dimensional (2D) wound-healing assay, as previously described [47]. With cells at 70–80% 

confluence, a denuded area was generated in the middle of each well with a rubber policeman. The cells were 

then exposed to EGF (0 or 10 ng/mL) and incubated for 24 hours. The distance that cells moved was 

determined and quantified in Metamorph imaging software. All measurements were normalized to values for 

controls. 

Invasion assay 

Cell invasiveness was determined by the capacity of cells to migrate across a layer of extracellular 

matrix, Matrigel, in a Boyden Chamber. Briefly, 20,000 cells were plated in the Matrigel-containing chamber 

in a serum-free medium containing 1% BSA for 24 hours; this was then replaced with a serum-free medium for 

an additional 24 hours. The number of cells that invaded through the matrix over a 48 hour-period was 

determined by counting, on the bottom of the filter, cells that stained with crystal violet. All experiments were 

performed in triplicate. 

Statistical analysis 

 For all experiments, statistics were performed with Microsoft Excel or Graphpad prism software. 

Independent Student’s t-test was utilized to determine statistical differences between experimental and control 

values. Tissue correlations were performed with Matlab (Mathworks Inc., Natick, MI, USA). p-values < 0.05 

were considered statistically significant. 
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KEY RESEARCH  ACCOMPLISHMENTS  

1. Tumor Stroma induces Tumor plasticity in prostate cancer cells.  

a. Tumor-Associated  stroma induces a MErT , with increased E-cadherin expression in 

prostate cancer cells. 

b. Bone or prostate stroma decreases sensitivity of Prostate cancer cell lines to radiation  

treatment.   

c. Bone stromal causes and EMT-MET transition of prostate cancer cells.  

d. Manuscript  published in  Journal of Onocology  

 

2. Kaiso as Biomarker for Invasive Prostate cancer  

a. Overexpression of Kaiso was determined to be associated with prostate cancer 

progression in large cohort of  tumor samples.  With African American patients 

displaying significantly higher expression. (This was not in our original proposal,  and 

an unexpected, but very interesting finding from our prosed staining for Kaiso in 

prostate tissue.   

b. Cytoplasmic to nuclear localization of Kaiso is associated with invasive and metastatic  

prostate cancer and this correlates with tumor grade and clinical stage. 

c. EGFR signaling regulates cytoplasmic to nuclear shuttling of Kaiso via p120ctn.   

d. Kaiso promotes increased migration and invasion,  with direct binding to methylated 

sequences in E-cadherin promoter, thus promoting EMT 

e. In sum we highlighted the an entire signaling network through which induced Kaiso 

localization is associated with aggressive prostate cancer characteristics.  

f. Manuscript published in American Journal of Pathology 
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